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ABSTRACT

The adsorption of rifampicin has been inves-
tigated onto kaolin, tale, magnesium trisilicate,
magnesium oxide and avicel pH 101. Adsorption of
rifampicin was markedly dependent on the nature of
the adsorbent used. The amount of rifampicin ads-
orbed was found to be in obedience with both Lang-
mutr and Freundlich equations. The extent of the .
amount adsorbed was correlated with the adsorbent
structure., The decreasing order for the affinity
of rifampicin to the selected adsorbents was as
follows: kaolin> tale > magnesium trisilicate >
avicel pH 101 > magnesium oxide.

The effect of different concentrations of pol-
ysorbate 80 on the amount of rifampicin adsorbed
onto activated charcoal surface has revealed that
as the surfactant concentration was increased the
amount of the drug adsorbed was correspondingly
decreased. The mechanism through which the decr-
ease 1n the extent of adsorption, in the presence
of the surfactant , has been discussed.
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1 NTRODUCTION

Adsorption study of medicinal substances from their
aqueous solutions is valuable from the pharmaceutical
point of view, The adsorption studies are usually carr-
ied out for the following three reasons : a) to investig-
ate the probability of a drug molecules to be adsorbed
onto the inner wall of the container during the stotage

periodl, b) to look for an adsorbent suitable for sustain-

: 2 : :
ed release preparations and c¢) to find out a correlation

between the adsorption of a drug molecules and both the

: : 3,4
rate and extent of i1ts absorption from GI tract™?® .

A knowledge of the in vitro adsorption characteristics

of a drug might be valuable so as to predict its In vivo
effect. The ability of certain adsorbents to interfere

with a drug absorption is known through their use as antid-

: . .. D
otes for certain types of toxicity”,

Since the gut membrane is considered to be hydrophobic
.n nature, the absorption process of a 'drug molecules 1is
considered to proceed through adsorption of the drug mol-
ecules onto the GI tract surface followed by transport thr-
cugh the membrane6. Recently, 1t is common for the physic-
ans to prescribe two or more drugs for the same patient.
The undesired effect due to concomitant administration of
- more than one drug arises from the fact that, the surface
of coadministered water-insoluble drug like magnesium ox-
1ide, may adsorb a part of the drug molecules inside the GI
tract resulting in a formation of a bound drug which is not
ready to be absorbed7. The adsorption of some medicinally

active compounds by various types of adsorbents has been
3,6,8-17 |

reported
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The purpose of the present work was to investigate
the extent and wvariation 1n the adsorption of rifampicin
on some selected adsorbents. Also, the study comprised
the effect of different concentrations of polysorbate 80
on the adsorption capacity of charcoal towards rifampic-

117 molecules,

EXPERIMENTAL

Materials

"y 8 _F N ‘. _§F N ___N_ __N

Rifampicin (Lepetit, Italy), magnesium oxide (Carlo Erba, Italy)
magnesium trislicate (El-Nasr Pharm. Co., Egypt), activated charcoal
(Merck), avicel pH 101 (FMC Corp., USA), kaolin and talc (B.P. grade)
polysorbate 80 (Merck), citric acid (Merck) disodium hydrogen phosph-
ate (El-Nasr Pharm. Co., Egypt) and dimethylformamide (BDH).

Methods
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All the experimental studies were carried out at pH 6. The
selection of that pH value was, actualily, based on some considera-
tion regarding the stability of rifampicin in aqueous solutionlS.
The adsorbents tested were avicel pH 101, magnesium oxide, magnesium
trisilicate, kaolin, talc and activated charcoal. The adsorption

isotherms were carried out in the following manner:

An accurately weighed 0.5 g of each adsorbent was placed into
a series of five glass stoppered rotating tubes., A stock rifampicin
solution (1 mg/ml) was prepared by dissolving 25 mg rifampicin in
2 ml dimethylformamide and the volume was completed to 25 ml with

McIlvaines buffer previously prepared at pH 6. Different inital con-

centrations of rifampicin solution (0.4,0.8,1.2,1,6 and 2mg/20 ml)
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were prepared by appropriate dilution of suitable samples with McJT-
1vaines buffer at the same pH value., A 20 ml sample of each solu-
tion was transferred into a rotating tube containing the adsorbent.
The tubes were placed 1n a thermostatically controlled water bath
operating at 30°C and allowed to be rotated at 50 rpm for 4 hours
(the time required for equilibration). At the end of the experim-
ent suitable portions of the suspensions were centrifuged and the
clear supernate was assayed colorimetrically at 475 nm, after app-
ropriate dilution with distilled water, for its rifampicin content.
The absorbance was measured by Shimadzu double beam spectrophotome-
ter (Japan). Each experiment was carried out in duplicate and the
average amount of the drug adsorbed was calculated by the differeence

between the initial and equilibrium concentrations.
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The experiments were carried out similarly to that previously
described under (A). The sole difference 1s that the amount of char-
coal used was 0.1 /20 ml and the initial concentrations of rifampicin
were 20,22,24,26 and 28 mg/20 ml. The vehicle used was McIlvaines buf-
fer at pH 6 containing 0.0001, 0.0005 and 0.0057 w/v polysorbate 80,

A blank for each experiment was treated similarly.

RESULTS AND DISCUSSION

The amount of rifampicin adsorbed per unit weight of
adsorbent was calculated as :

X Vi AC eq. ]

M-: v =

where V is the volume of rifampicin aqueous solution (20 ml),

AC is the difference between the initial and the equilibrium
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cencentrations while m is the weight of adsorbent,in gram,

used.
Throughout this study it was assumed that the amount .

of the aqueous medium adsorbed by each adsorbent is neglig-
ible, otherwise the uptake of water molecules by an adsor-

bent would change the equilibrium concentration of the drug.
For this reason the adsorption investigated is actually the

apparent one,

The adsorption of rifampicin to different adsorbents

: . : . 1
was found to be 1n agreement with the Langmuir equation 9. -

‘)

where M 1s as defined in eq. 1, a is the amount of adsorbate
adsorbed when the entire surface of the adsorbent is covered
by a monolayer, b is the equilibrium constant for the adsor-

ption process and C 1is the equilibrium concentration.

e ,

Equation 2 may be rearranged as: -

C

e 1 1 .
M a Ce+ ab eq. 3 ‘
or 1 1 1 1
M . ab C * a eq. 4
e
Ce
According to equation 3 when = 1s plotted versus Cosr a
straight line will be obtained with a slope of —%— and an
1

intercept of The reciprocal of the slope a, which is

ab’
usually termed the limiting adsorptive capacity in mg/g,is
usually used as a parameter to compare between the adsor-

ptive capacities of the selected adsorbents towards rifamp-

icin molecules.
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The results of the adsorption measurements ac¢ord—
ing to eq. 3 are presented graphically in figure 1.
This figure shows that adsorption of rifampicin onto the
investigated adsorbents was in obedience with the Langm-
uir adsorption equation 3. It could be observed from
this figure that the degree and extent of adsorption of
rifampicin is markedly dependent on the type of sorbent

used. The superior adsorbent was found to be kaolin.

The results were also plotted according to equation
4 and graphically presented in figure 2. The figure 1ind-
icates, also, that the plotting of the data obeyed the

Langmuir equation 4. The limiting adsorptive capacities

4

(a values) of the adsorbents were calculated and the av-
erage values obtained from both figuresl and 2 were 111-

ustrated 1n Table 1.

Also, the results were plotted according to Freund-

lich equation which is given in a linear form as:

log K + N 1log Cg eq. >

i

Ho' o

where C,, X and m were defined previously, KX 1s a const—-
ant which gives a rough measure of the relative adsorbent
capaclity for a given drug’while N gives a general i1dea for

- the affinity of the adsorbate for adsorbent, Figure 3
shows that the adsorption of rifampicin by the various
adsorbents obeyed the Freundlich equation. The calculat-
ed values of the slope (N) and the intercept (log K) are
surveved in Table 1. The value of the intercept was tak-
en as a parameter to compare between the different adsor-
bents. From figures 1-3 and Table 1, it could be observ-

ed that rifampicin 1s much'highly adsorbed onto the kao-

1in surface than onto the other tested adsorbents.
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The adsorbents could be ranked in a decreasing order
according to theilr adsorptive capacities, a, as follows:
kaolin > talc > magnesium trisilicate > avicel pH 101 >
magnesium oxide., The same order of arrangement was also
obtained when the adsorbents were arranged according to

their intercept values (log K) in the Freundlich plot.

The structure of kaolin, AL4Si4010(0H)8, 1s composed
of two basic units., One 1s an octahedron of oxygen atoms
(hydroxyl groups) surrounding the central aluminium atom,
The second unit composed of four oxygen atoms situated at
the corners of a regular tetrahedron, with the silicon at-
om in the center. The higher degree of adsorption exhibi-
ted by kaolin may be explained on the basis that rifampicin
molecule having two phenolic groups in para position. These
groups create a negative center on the aromatic ring. It
was reported that rifampicin interacts with aluminium chlor-
ide and forms a cherry-red productzo. Therefore, the high
adsorptive power of kaolin may be due to the electrostatic

attraction between aluminium ion, 1n kaolin molecule, and

the negative center 1in rifampicin aromatic ring.

The data revealed that rifampicin molecules were 1d-
entically adsorbed onto both talc and magnesium trisilicate.
This behaviour could be explained on the consideration that
both the hydrous magnesium silicate and magnesium trisilica-
te possess the same 1ons. The surface structure of silica
adsorbents is characterized by the presence of silanol gro-
ups which are capable for the formation of hydrogen bonds

with rifampicin molecules.

There 1s a plenty of literatures stating that the mic-

rocrystallin cellulose, Avicel, having a negative charge
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on itssurface21_23. This 1s most likely due to 1onization

- of carboxylate groups on its surface. The pka of these
carboxylic groups is¢A21. Since the adsorption study in
this work was carried out at pH 6, the number of the neg-

; atively charged carboxylate groups on the surface of avi-
cel pH 101 increased. Therefore, the adsorption mechan+
ism between avicel pH 101 and rifampicin may be presumab-
ly due to hydrogen bond formation between the negative sur-

face of avicel and the created positive charges on the hyd-

rogen of the phenolic groups.

The adsorption of rifampicin onto magnesium oxlide sur-

face may be probably due to hydrogen bond formation between

H

the electron-accepting hyvdrogen atoms of the hydroxyl groups
in rifampicin molecules and the negative oxygen atoms situat-
ed on the surface of magnesium oxide. The pH value of the
final supernate of magnesium oxide suspension was approxima-
tely 10,8, The decrease in the extent of adsorption of rif-
ampicin molecules on the surface of magnesium oxide 1s most
likely due to the increase 1n the pH vélue of the supernate
Since the basic pK, of rifampicin 1s about 7.9, so, at pHO6
99.847% of the drug exists 1n an ionized form. Accordingly
the attraction force between rifampicin molecules and the
negative surface of magnesium oxide 1s completely reduced.
This explains why magnesium oxide exhibited the least adsor-

ptive capacity towards rifampicin.

The results of rifampicin adsorption onto charcaol

are graphically presented in figures4-6. It could be ob-

served from figure$ 4 and 5 that the adsorption of rifam-
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picin by charcoal followed the Langmuilr equations 3 and 4.
The results were plotted according to Freundlich equation,
and 1t was found that the results were 1n agreement with
the Freundlich plot., Both the Langmuit and Freundlich con-
stants are tabulated in Table 2. The data revealed that as
the concentration of polysorbate 80 increased the amount of

rifampicin adsorbed was correspondingly decreased.

To elucidate the reason of the adsorption reduction by
polysorbate 80 1t could be postulated that the surfactant
molecules may compete with the drug for the wvacant sites on
the surface of charcoal, This 1s confirmed by the observa-
tion that as the surfactant concentration increased the amou-
nt of the drug adsorbed was concequently decreased. This
was due to the i1ncrease 1n the amount of surfactant molecu-
les adsorbed on the surface of charcoal. It was reported
that the adsorption capacity of charcoal 1s due mainly to
its very large hydrophobic surface area on which the drug in
1ts unionized form will be best adsorbed24 The decrease 1n
the amount of rifampicin adsorbed by charcoal in the presen-
ce of polysorbate 80 may be due to an increase 1in rifampicin

solubility in polysorbate solution than in water. Therefore,

as the surfactant concentration was increased the affinity

of rifampicin molecules to the aqueous phase was 1ncreased.
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Table 1, Langmuir and Freundlich Constants for the Adsorption of
Rifamicin by Different Adsorbents at pH6 and 30°C.

) | _ [ Langmuir  eonstants Freundlich constants
- Adsorbent e e e e e e e e o .
. a b slope intercept i
| (mg/g) (20 ml/mg) (N) (log K)
.; SR SRS SN S S 1
|
| Kaolin 2,53 | 3.60 - 0.355 0.299
' Talc 1,29 8.75 0.271 | 0,056 |
lMagnesium trisilicate 1,27 1.15 0.576 -0, 180
‘Avicel pH 101 1.11 0.29 0,807 -0,608
Magnesium oxide 0.48 0.63 0.658 -0, 743
e ——————————— e o e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o

Table 2. Langmuir and Freundlich Constants for the Adsorption of Rif-
ampicin by Activated Charcoal in Presence of Different Con-

centrations of Polysorbate 80 at pH 6 and 300C.
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i
Polysorbate 80 Langmuir constants | Freundlich constants
concentration e e e e e e e e e e e e e e e e o e e i e
a b slope intercept
(% wiv) (mg/g) | (20 ml/mg) () (log K)
0 200 0.75 0.171 2.10
i 0.0001 174 0.90 0.106 2,06
0.0005 143 1.01 0.184 1.90
) | 0.005 137 0.26 0.234 1.77
OSSOSO PR, SOV S
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Fig, 1 : Langmuir Adsorption Isotherm for Rifampicin on Various

Adsorbents,
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Fig. 2 ¢ Lamgmuir Adsorption Isotherm for Rifampicin on Various
| Adsorbents.
Key ¢t The same as Fig.,l. .
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Fig, 3 : Freundlich Adsorption Isotherm for Rifampicin on Various
Adsorbents.

Key : The same as Fig, 1.
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Fig., 4 : Langmuir Adsorption Isotherm for Rifampicin on Activated
Charcoal and in the Persence of Different Concentrarions

of Polysorbate 80,
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Fig, 5 : Langmuir Adsorption Isotherm for Rifampicin on Activated

Charcoal and in the Presence of Different Concentrations

of Polysorbate 80.
Key ¢ The same as Fig. 4.
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Fig, 6 : Freundlich Adsorption Isotherm for Rifampicin on Activated
Charcoal and in the Persence of Different Concentrations

of Polysorbate 80,

Key : The same as Fig, 4.
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